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Description 

This invention relates to a matrix device tor the controlled and prolonged release of at least one active 
agent to an ambient environment, ana to a method for making such a device. More panicuiarly. it relates to 
a polymeric device which has been subjected to stress for the controlled and prolonged release of at least 
one active agent, including a ohysioiogically active agent, to an ambient environment, the device comprising 
an active agent-containing potymenc matrix wherein the polymer has been subjected to tensile stress below 
the yield point. Still, more particularly, it relates to such a device comprising at least one matrix as core 
sheet, said core sheet or sheets comprising the active agent or agents in a stressed polymeric matrix, the 
0 core sheets being sandwiched between coextensive inert polymeric films substantially impermeable to the 
ambient environment and to the active agent or agents, the device having one or more macroholes 
extending through said films and the core sheet or sheets. It also relates to such a device wherein the 
perimeter edges thereof, esoeciailv the penmeter edges of the core sheet or sheets are coated by an inert 
polymeric film substantially impermeaole to the ambient environment and to the active agent or agents. 
:5 Delivery systems and devices for controlled release of drugs; i.e., controlled release and sustained or 

prolonged release, are well known in the art A variety of methods have been described in the literature, 
including the physiological mooification of absorption or excretion, modification of the solvent, chemical 
modification of the drug, aasorotion of drug on an insoluble carrier, use of suspensions and implantation 
pellets (Edkins. J. Pharm. Pharmacol.. il. 54T. 66T, 1959). Other methoos include mixing the drug with a 
20 carrier such as waxes, oils, fats ana soluble polymers which ts gradually disintegrated by. the environment, 
e.g., body fluids, resulting in release of the arug. Much attention has been directed to the reservoir type of 
device; i.e., a device tn which a drug is encased within a polymeric container, with or without a solvent or 
earner, which allows passage of drug from the reservoir. 

A further type of drug delivery device is ihe monolithic type in which a drug is dispersed in a polymer 
25 and from wnich the drug is released by degradation of the polymer and/or by passage of drug through the 
polymer. Included within the monolith type devices are the laminated drug dispensers. 

U.S. Patent 3,926.188. issued December 16. 1975. describes three layer sandwich-type laminate drug 
dispensers comprising a core lamina of a crystalline drug of low water solubility dispersed in a polymer 
matrix interposed between two outer laminae of a drug release rate controlling polymer. A rather complex 
?o correlation between relative permeabilities, thicknesses and exposed surface areas of the laminae must be 
satisfied in order to achieve an approximately constant rate of drug release. The core lamina maybe a 
homogeneous and substantially imperforate polymeric material or it may be a microporous polymer matrix. 
Ethylene vinyiacetate copolymer (EVA) is cisclosed as representative of an imperforate polymer. It is 
discloseo that the release rates of said laminates are not as constant as the release rates of comparable 
j5 prior art reservoir devices in which the core is not exposed to the environment. 

A three layer sandwich-type laminate is also descnbed in U.S. Patent 4.228.149. issued October 14, 
1980. One such device comonses a water soluble orug dispersed in a sheet of water insoluble polymer, 
especially EVA. which sheet is coated (laminated) on both surfaces with a film of EVA forming a sandwich- 
type device. Said films may include a water soluble and/or biodegradable filler which, when the device is 
^0 placed in a liquid environment, gradually decompose forming pores or channels which serve to connect the 
outer films with the central lamina. It is disclosed that variations in the release properties of the device can 
be achieved by forming a hole or noles in the sheet but not in the lamina. It is further disclosed, however, 
that best results are realized without such holes. 

Cleave. J, Pharm. Pharmacol. 17. 698-702 (1965) presents a theoretical discussion of geometrical 
45 considerations concerning the design"of uncoated tablets having a uniform rate of release. Tablets having 
from one to 4 holes are considered. Optimal design is concluded to reside in a two-hole tablet. A one-hole 
tablet is judged unable to deliver a uniform rate. 

U.S. 3,851,648, issued December 3, 1974. describes devices for controlled release of a diffusible solid 
compnsing a container having a cavity which communicates with the exterior medium and through which 
50 the contained solid is dispensed. 

U.S. 4,299,613. issued November 10. 1981, describes controlled release plant nutrient dispensers 
comprising an admixture of a plant nutrient, a porosigen and a polymer matrix. 

Controlled delivery systems consisting of a polymer impermeable to a fluid environment and to active 
agent contained within said polymer, said polymer in laminar arrangement with a polymer that forms a 
55 microporous structure in a fluid environment are described in U.S. Patent 4.217.898. issued August 19, 
1980. 

Medicament containing tablets comprising a medicated portion soluble in gastrointestinal fluids, which 
portion is surrounded by an inert portion said inert portion having one or more holes extending through one 
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face of said inert portion into said medicated portion to permit passage of said medicated portion into the 
gastrointestinal fluids when such a device is in use, are disclosed in U.S. 3,146,149. 

Slow-release veterinary preparations comprising a veterinary medicament contained in a matrix which in 
turn is enclosed in a plastic envelope sealed at its edges and provided with a number of randomly placed 
small holes to render it permeable to rumen fluids, thus permitting access of said fluids to the medicament 
contained within the matrix within the envelope, are made known in European Patent Application 21,758, 
published January 7, 1981. 

Rhine et at., in "Controlled Release of Reactive Materials", R. Baker, Ed., Academic Press, p. 177, 1980 
present a discussion of the effect of matrix geometry on the rate of release of a drug from a matrix device 
comprising an inwardly releasing hemisphere. They demonstrate that such a device can, after a short burst 
of drug, achieve essentially zero order release rate for the duration of release. For a device of such 
geometry, the outer diameter should be greater than three times the inner diameter. Also, Rhine et al.. A. i. 
Ch. E. Symp. Ser, 77, 10-20 (1981). discuss the release characteristics of an inwardly releasing sectioned 
cylinder. 

International Patent Application WO 86/00538 discloses temperature and/or polar fluid - sensitive 
devices comprising mechanically strained semi-crystaiiine hydrophilic polymers, the strained polymers 
exhibiting deformation "memory" which is activated by heat or a solvent. 

U.S. Patent 4,601.893. issued July 22, 1986, describes unstressed laminate devices of the type 
disclosed and claimed herein. For a given concentration of active agent the stressed laminates of this 
invention exhibit an increased release rate of active agent over the release rate of unstressed laminates of 
said patent. All the matrix systems (described in the prior art) having a fixed concentration of the active 
ingredient have an "inherent" release rate per unit area of releasing surface which can not be altered. The 
present invention discloses a method to controliably alter the drug release rate per unit area of drug release 
surface after the matrix is prepared, without changing the composition or design of the matrix system. 
Precise control of drug release rate from a matrix system is usually difficult. The drug release rate is 
extremely sensitive to small variations in composition. The present invention offers a technique to apply 
positive corrections to the drug release rate from a matrix system after its manufacture. 

This invention relates to a mathx device for the controlled release of at least one active agent, including 
a physiologically active agent, to an ambient environment, especially to an aqueous liquid-containing 
environment, over a prolonged penod of time. More particularly it relates to such devices compnsing an 
active agent, or agents, -containing polymer which has been subjected to tensile stress below the yield 
point, and which are useful for the controlled release of active agent or agents to an ambient environment, 
especially when the active agent is a physiologically active substance, and especially when the environment 
is the rumeno-reticular sac of a ruminant animal, the active agent being released over a prolonged pehod of 
time at a controlled physiologically acceptable rate. Preferred devices comprise a laminate which has been 
subjected to stress comprising at least one matrix as core sheet, said core sheet or sheets comprising the 
active agent or agents in a stressed polymeric matrix, the core sheet or sheets being interposed or 
sandwiched between coextensive inert polymeric films substantially impermeable to the active agent or 
agents and to the environment to which the device is exposed. One or more macroperforations extend 
through the coextensive films and through the core sheet or sheets. The perforations give rise to 
development of inwardly releasing cylinders when the devices are in use. 

Those skilled in the art will recognize that this invention can embody various types of matrices including 
agent dissolved in polymer (dissolved matrix), agent dispersed in a polymer at a concentration which 
exceeds its saturation solubility in the core polymer (dispersed matrix) and agent dispersed in a polymer at 
a concentration sufficient to produce continuous solvent filled channels within the polymer matrix upon 
depletion of the drug (porous matrix). Each of these types are useful embodiments of this invention which, 
by appropriate choice of agent, polymer and device design, including hole pattern, and exposure to tensile 
stress below the yield point, achieve a given overall release pattern as a function of time. 

The devices of this invention provide a simple and practical, essentially zero order release device, by 
reason of their having at least one interior-releasing cylindrical surface wherein the entire surface of the 
cylinder participates in the release process. 

They offer advantages over the controlled release devices previously available, especially over the 
matrix devices, including monolithic and laminate systems, of the art. Additionally, the present invention 
offers a novel technique to independently control the drug release rate from a matrix system without 
changing its composition or design. One advantage is the relative ease of manufacture of the devices of this 
invention. Other advantages are the nearly constant (zero order) rate of drug release over a prolonged 
period, and their ability to achieve a greater release of active agent in a given time period than are non- 
stressed devices of similar construction. Alternatively, the devices of this Invention require a lesser charge 
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of active agent to achieve a given release rate than do non-stressed devices oi similar construction. These 
advantages, along with others which will become apparent to one skilled in the art. render the devices oi 
this invention practical, non-reservotr type devices which are especially valuable for field use in ruminants. 
The laminates of this invention can comorise a three layer (sandwich-type) laminate comprising a core 
5 sheet containing one or more active agents, said core sheet sandwiched between two coextensive inert 
polymeric films which are substantially impermeable to the use environment and to said agent. The edges 
of the laminate may be uncoatea or coated. The laminates can also comprise two or more active agent- 
containing core sheets, each core sheet being sandwiched between coextensive inert and impermeable 
polymeric films so as to provide alternating layers of film and core sheet. The edges of the laminate are 
10 uncoated in one embodiment of this invention. Alternatively, a further emoodiment comprises laminates in 
which the edges are coated; i.e.. there are no exposed edge surfaces. 

The laminates of this invention, whether they comprise one or more than one core sheet and whether 
the edges thereof are exposea or unexposed are characterized by said core sheet comprising at least one 
active agent, including dispersions and solutions of active agent, homogeneously dispersed therein when a 
15 constant release rate, as opposed to a pulsed release rate, is desired: and at least one macrohole extending 
through said core sheet and through the films coextensive therewith, the size, number and arrangement of 
said macropertorations in relation \o the thickness of said core sheet being selected to expose sufficient 
interior edge area of said sheet to tne use environment as to afford the desired release rate. 

Devices of this invention which are compnsea of two or more core sheets are especially valuable for 
20 controlled release of two or more active agents to an ambient environment. The fact that the properties of 
the individual active agents (e.g. solubility, vaoorizability. potency, etc.) will differ is compensated for by 
incorporating, for example, into the core sheet containing the more potent active agent a suitable diluent or 
filler (e.g. porosiqen) in sufficient amount to moderate the release rate of said agent. Of course, the two or 
more active agents must be compatible with cne another in the use environment. 
25 In devices of this invention comprising two or more active agent-containing core sheets, said sheets 

need not be separated from each other by impermeable polymeric films but can be in contact with each 
other. While such construction tenos to reduce the overall thickness of a given device, the favored devices 
of this invention employ coextensive inert, impermeable polymeric films between two or more core sheets. 
This latter construction simplifies calculation of in vitro release rates since the active agent is exposed to 
30 the ambient environment only Irom tne direction of the advancing solvent bounoary at the surface of the 
cylinder. 

A necessary requirement as regards the coextensive oolymeric films is that they be substantially 
impermeable to the active ageni in the core sheet. However, the core sheet need not be impermeable to 
the active agent as is the "situation wherein the active agent is dissolved in the core sheet. However, for 
?5 many uses of the devices of this invention the core sheet can comprise a polymenc matenal which is 
substantially impermeable to the active agent. 

The film and core sheets can be. but need not be. made of the same polymeric material. Suitable 
polymeric materials are those which are substantially inert to the ambient environment; i.e.. do not react 
chemically with any active agent which might be dispersed or dissolved within them, or with their 
do environment, and. as regards said film, are substantially impermeable to the ambient environment. 
Additionally, for certain configurations of the devices of this invention, especially those having variable 
geometry; i.e., have one configuration when not in use and assume another configuration in the use 
enviroment. flexibility and resiliency are desirable and advantageous properties for said polymeric materials. 
Representative polymers fulfilling these criteria are ethylene vinylacetate copolymers which may be partially 
as or completely hydrolyzed. poly(ethylene). poly(propylene). poly(vinyl chloride) vinylidene chloride-ac- 
rylonitrile polymers: copolymers of vinyl chloride with vinyl acetate, styrene. vinylidene chloride, dialkyi 
fumarate, acrylonitrile; polyacrylonitrile, poly{butylmethacrylate), poly(vinylidene chloride), polybutadiene, 
polyether urethane, cross-linked poly(vinylpyrrolidone). chlorinated poly(ethylene); polyacrylamide, and 
crosslinked partially hydrolyzed polyvinylacetate» hydroxyethyl acrylate. diethylene glycol monoacrylate, 
50 diethylene glycol monomethacrylate. 2-hydroxypropyl acryelate, 2-hydroxypropyl methacrylate, 3-hydrox- 
ypropyl acrylate, 3-hydroxypropyl methacrylate, vinylpyrrolidone, acrylamide, methacrylamide and N-pro- 
pylacrylamide, silicone rubbers, especially medical grade poly{dimethylsiloxanes). poly(carbonates). 
silicone-poly(carbonate)copolymers: biodegradable polymers such as poly(lactic)acid, poly(glycolic)acid, 
poly(caprolactone) and copolymers thereof: and others known to those skilled in the art and which meet the 
55 above criteria. Ethylene vinylacetate copolymers (EVA) are preferred materials. Especially preferred are 
EVA containing from 10% to 60% vinyl acetate. 

The polymer used for the core sheets can be a microporous polymer that is preformed and 
subsequently charged with the desired substance or substances. Alternatively, the core sheet is made from 
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an imperforate polymer which, when charged with the desired substance or substances forms a micro- 
porous polymer when a device incorporating said core sheet is placed in the use environment. When the 
core sheet is to comprise a microporous polymer, the choice of a preformed microporous polymer or one 
formed in situ is determined in large part upon the amount of and distribution of the active agent present in 
5 the core sheet. Sufficient agent must be present for in situ formation of a microporous core sheet as will 
give rise to continuous formation of interconnected paths, channels and micropores with development of the 
desired microporosity when the device is in use. 

A further method for in situ formation of a microporous core sheet comprises the use of a suitable 
porosity enhancing agent. a~porosigen, in admixture with the desired active agent to be released. Said 
;o porosigens can be biodegradable, volatile or water soluble. They must be removable under the conditions 
of use of the devices of this invention and, of course, non-toxic under said use. Said porosigens have been 
referred to in the literature as modifying agents (U.S. 3,538.214) and as fillers (U.S. 4,228,149). They may 
also be referred to as diluents. The term "porosigen" as used herein is intended to embrace the 
aforementioned terms. The use of a porosigen is advantageous in instances wherein the amount of active 
;5 agent contained within the core sheet is insufficient to give rise to contact between individual particles of 
said agent and thus prevents formation of interconnected pathways and channels (continuous micropores) 
when a device of this invention is in use. 

The choice of porosigen deoends upon the active agent in the core sheet and the use environment. 
Said porosigen must be compatible: i.e.. not react with the agent or the environment to produce a reaction 
20 product having undesirable properties. It must be removable under the conditions of use and non-toxic or 
harmful. Favored porosigens for use in devices scheduled for use in an aqueous environment are starch, 
lactose, inorganic salts sucn as carbonates, bicarbonates. sulfates, nitrates, phosphates of the alkali metal, 
alkaline earth metal, ammonium, and buffering agents. Other porosigens are disclosed in the art cited herein 
and are incorporated herein by reference. The expression active agent as used herein applies broadly to 
25 include any substance, solid, liquid or gaseous, which can be released to a use environment to produce a 
beneficial effect- This includes anti-oxidants, air purifiers, pesticides, fungicides, insecticides, germicides, 
herbicides, perservatives. rodenticides, disinfectants, sterilization agents, foods, food supplements, drugs, 
nutrients, vitamins, fertility promoters, fertility inhibitors, growth promotants, trace minerals, perfumes, 
pheromones, chemicals released to control the rate of various reactions, and other substances that benefit 
30 the environment of use. The active agent can be organic or inorganic but must be sufficiently soluble in the 
release environment when said envtronnrieni is a liquid environment, or sufficiently volatile when said 
environment is a gaseous environment, that devices of practical size can release said agent in sufficient 
quantity to produce the oesired effect. 

The term "drug" includes any physiologically or pnarmacologicaily active agent that produces a 
:5 beneficial effect m the release environment, including biological environment. The term "biological environ- 
ment" includes mammals, primates, humans, animals (domestic, household, zoo, sport and laboratory), 
birds, reptiles and fish. Representative of drugs are those substances which exhibit antiparastic, anti-biotic. 
antimicrobial, anti-inflammatory, analgesic, antiparkinson, anti-spasmotic. anthelmintic, anti-neoplastic di- 
uretic, hypoglycemic, anesthetic, hormonal, estrogenic, progestational steroids, prostaglanoins, sedatives, 
40 hypnotics, narcotics, tranquilizers, anti-convulsants, muscle relaxants, cardiovascular agents and electrolyte 
behavior. The required doses for such drugs are known in the literature. 

The macroperf orations in the devices of this invention, together with the impermeable coating on the 
device surface, provide interior edges for release of active agent when the devices are placed in the use 
environment. These macroperf orations are preferably cylindrical in shape and from 0.5 - 10 mm in 
45 diameter, but could assume other geometric forms such as ovals, triangles, squares, pentagons, hexagons, 
etc. 

For a given core sheet, the dimensions of macroperforations other than the cylindrical; i.e., those 
wherein the surface openings are circular, should be such that the perimeter of the macroperforation at the 
surface of the opening approximate as closely as possible the circumference of circular openings of from 
50 0.5 - 10 mm diameter. Circular macroperforations, actually cylinders when considering the overall shape 
through the core sheet, most nearly attain zero order release. The closer to a circle the macroperforation is, 
the closer it approximates zero order release. 

The rate of active agent release from the macroperforations is dependent upon a number of factors (see 
above equations) including the effective surface area at the receding agent boundary, the length of the 
55 channel from the receding agent boundary to the interior edge of the macroperforation. the initial active 
agent load in the device, the diffusion coefficient for said agent in the use environment and/or core sheet, 
the solubility of the agent in the use environment and/or core sheet, and the number and shape of the 
macroperforations. Over time, all of the above factors except the first two should be constant. Thus, the 
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variations in the release rate over time wiil depend upon the relative changes in these two factors. With 
most other devices wherein active agent release occurs from a surface which is either planar or convex, the 
release rate will always dramatically decrease over time due to the increase in the diffusional distance and 
the decrease in the area at the receding active agent boundary. In the present invention, the macroper- 

5 forations are designed such that active agent release occurs from a concave surface so that the surface 
area at the receding drug boundary increases over time. This increasing surface area leads to an increasing 
release rate which partially offsets the effects due to increasing diffusional distances. Overall release is 
nearly zero order following an initial burst of the agent. The precise variation depends upon the size and 
shape of the macroperforations. The smaller the diameter of the macroperfo rations, and the more circular 

;o their shape, the more linear the release rate over time. 

The devices of this invention can be used to release a given active agent at essentially zero order rate 
at one level for a certain time and then to release it at a greater or lesser level, again at essentially zero 
order rate, for a further period of time. A convenient way of accomplishing such a release pattern comprises 
incorporating the active agent and porosigen. or porosigen plus active agent, in concentric patterns within 

TS the core sheet. Proper placement of macroperforations then allows one to achieve a pulsed release of 
active agent. 

Other methods can, of course, be used to achieve a pulsed release of active agent. In addition to the 
use of a variable concentration of active agent within the core sheet, as deschbed above, variable thickness 
of the layer of active agent within the core sheet is a practical way of realizing pulsed release. Further, the 
20 core sheet can, for example, have grooves of varying width and depth, said groves being filled with active 
agent. 

Devices of this invention having active agent-containing core sheets constructed as described above, 
are useful for essentially zero order release of more than one active agent as those skilled in the art wiil 
recognize. 

25 Still further, when microporous EVA is used for the core sheet, advantage can be taken of the fact that 

high temperature reduces its tortuosity. Thus, certain portions of an active agent-containing microporous 
EVA core sheet can be heated so as to reduce the tortuosity of the micropores in said portions resulting in 
an increase in the rate of release of active agent therefrom. Proper placement of the number and size of the 
macroperforations affords a change in release rate of active agent from a device having such a core sheet. 
30 Asymmetrically placed macroperforations can also be used in devices of this invention. They are 
especially useful in situations wherein a biphasic release rate of active agent is desired. In such devices an 
initial high release rate followed by a reduced but constant zero order release rate occurs and is followed 
by a second reduced release rate at near constant level. 

Favored devices of this invention have macroperforations symmetrically or substantially symmetrically. 
35 rather than randomly, placed through both outer lamina and through the core lamina. In such embodiments 
of this invention, the macroperforations. preferably circular, penetrate all laminae through the smallest 
dimension thereof. The macroperforations can vary in diameter from 0.5 to 10 mm. Preferred devices have 
macroperforations of from 2 to 5 mm diameter since, when using a water soluble active agent, for example, 
a salt of morantel, as the agent to be released over a prolonged period of time, said diameters most closely 
40 afford essentially zero order release rate over an extended time. 

For a given type device (three-layer laminate having exposed or unexposed edges) of this invention, the 
rate of release of a given active agent is a function of the number and size, e.g.. diameter, of the 
macroperforations as well as of their design, i.e.. symmetrical versus non-symmetrical. 

For a given size device and a given water soluble agent, the release rate increases with increase in 
45 diameter and/or number of the macroperforations. The number and diameter of the macroperforations 
required in a given device depend upon the agent, the rate and duration of release desired and are 
determined by experiment or can be calculated by means of equations known to those skilled in the art. 

The invention also provides methodology for making devices of this invention. In the case of devices 
comprising at least one core sheet, said core sheet comprising a substance dispersed therein, said core 
50 sheet being sandwiched between coextensive films of inert polymer, a convenient method comprises 
blending said substance into the softened, pre-formed polymer of said core sheet by known methods until a 
homogeneous mass is obtained. Said mass is then rolled into sheets of the desired thickness and of 
approximate width of the device desired, then sandwiched between said films of inert polymer and 
laminated or bonded thereto, desirably by applying pressure and heat sufficient to achieve bonding but 
55 insufficient to destroy said substance and said core sheet and film. The preferred method is by extrusion 
coating of the active agent containing matrix according to known procedures especially that described in 
"Extrusion Coating Manual" by UST. 99 Park Ave.. N.Y., N.Y. 10016. 

The devices thus prepared are then subjected to tensile stress which does not exceed the yield point of 
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the polymer matrix or polymer matrices. This operation can, of course, be carried out in a number of ways 
as those skilled in the art will recognize. A convenient method is to apply a constant rate of strain, for 
example, by means of an Instron machine (Instron Model #1115, Instron Corporation, lOO Royal Street, 
Canton. MA 02021). The stress is normally applied in only one direction, usually along the length. It can. 

5 however, be applied along the width or the bias (diagonal), or along any of said directions in step-wise or 
concurrent fashion. The maximum allowable tensile stress, of course, varies from polymer matrix to polymer 
matrix. It is. however, readily determined as. for example, as described by F. Rodriguez, "Principles of 
Polymer Systems", McGraw Hill (1976). In general, a constant strain rate is applied to the device. The rate 
and range of strain are desiraoly held below levels which give rise to necking or stress whitening. They are 

w preferably applied at levels at which 95% to 100% of the imposed strain is recoverable. Devices thus 
treated are identical to or almost identical to non-stressed devices in appearance. A strain rate of from 
about 1 cm/minute to 10 cm/minute meets the above criteria for most polymer matrices enumerated herein. 
For the ethylene vinyl acetate copolymer matrices exemplified herein a strain range of from about 7% to 
35% is satisfactory. The strain range refers to the extent the original polymer is stretched (in terms of 

/5 percent increase) in a given dimension The stressed devices afford a greater release rate than do 
unstressed devices. The release rate increases with increase in strain level. The laminate is then cut to the 
desired dimensions. Before or after cutting of the laminate, perforations of the desired size and arrangement 
are made therein by known techniques. iPorostgens. if used, are blended into the core sheet along with the 
desired substance). 

20 Alternatively, the active agent-contammg core sneet is subjected to tensile stress pnor to being 
sandwiched between the films of inert polymer; i.e., prior to laminate formation. This procedure, which 
applies stress only to the active-agent containing core sheet, eliminates the possibility of the coextensive 
sheets separating from the core sheet during the application of stress to the laminate. The rate of release of 
active agent from a device made in this manner is the same as that of a device produced by the first 

25 described procedure. 

The herein described methodology is also applicable to laminated systems which lack macroper- 
forations and in which release is achieved only via uncoated areas, e.g., edges; or in which the coextensive 
sheets covering the core sheet are permeable to the active agent and the environment. 

While the favored method of bonding the core sheet and said coextensive films of inert polymer is by 

30 means of pressure and heat, it may be necessary, as when the active agent is volatile or heat sensitive, or 
at least more convenient, in certain instances to use a binder. The particular technique used depends upon 
the polymers used for the core sheet and the coextensive films and the nature of the substance in the core 
sheet. The binder used must, of course, be inert and comoatible with the polymers used in the device, the 
substance within the core sheet and the use environment. Suitable binders are disclosed in Encyclopedia of 

75 Polymer Science and Technology. John Wiley & Sons, 8. 1968. 

When the active agent is a solid substance which vaporizes over a period of time, e.g., certain 
insecticides, the use of heat in the bonding process is, of course, detrimental. In such instances, bonding is 
achieved by use of a binder. Similar technique is used when the active agent is a liquid. 

When the active agent is a liquid, it is preferred to use a preformed microporous polymer for the core 

40 sheet. Said sheet is precharged with the liquid active agent in a known manner as, for example, by 
immersing the microporous in said liquid active agent or in a solution of said liquid active agent of known 
concentration followed, in the second instance, by evaporation of the solvent to leave the micropores 
charged with liquid active agent. 

The controlled release devices of this invention can be used for a variety of purposes and situations 

d5 wherein prolonged controlled release of active agents, including drugs, is desirable. They can be used for 
administering and for providing said agents at sites near to or remote from the point of application of the 
device. They can be positioned by appropriate means in suitable locations within the animal body where 
they are in contact with body fluids, e.g.. the stomach of farm animals, especially the rumeno-reticular sac 
of ruminants; or on the animal body, e.g., flea collars, ear tags. Still other uses for the controlled release 

50 systems and devices of this invention occur in agriculture for administration of fertilizers, herbicides, 
rodenticides, pheromones, sex sterilants and pesticides: in pisciculture including aquariums and fish ponds; 
in drainage ditches, canals and tanks as for controlled release of algicides. biocides, disinfectants, plant 
growth inhibitors and promoters; and in water supplies especially for animals and poultry in need of drugs 
for therapeutic or prophylactic treatment. 
55 The amount of active agent dispersed in the core sheet can vary over wide limits depending upon a 

variety of factors such as the amount of said agent to be delivered to an ambient environment, the time 
over which said agent is to be delivered, the presence or absence of a porosigen, the number and size of 
the macroperforations in the device, the nature of said agent and said environment and, in the case of liquid 
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environments, the solubility of said agent in said environment. 

The amount of a given agent which must be used in a device of this invention to achieve a given 
release rate, or determination of the release rate of a given device of this invention, is determined by in vitro 
tests as those skilled in the art will recognize. In general, such tests involve placing the device in question 
5 in an environment approximating the ambient environment of ultimate use intended for said device, and 
measuring by appropriate methodology known to those skilled in the art the amount of said agent released 
to said environment over a given period of time and/or by determining the amount of said agent remaining 
in the device after a given period of time. 

In the case of a highly preferred device of this invention intended for delivery of an anthelmintic. 
:o especially morantel or a salt thereof, to the rumenoreticular sac of a rumen, the amount of morantel (active 
agent) homogeneously dispersed throughout the core sheet can range from lOy© to 75% by weight of said 
sheet. When the core sheet comprises morantel or a salt thereof dispersed in EVA. amounts greater than 
75% by weight of the core sheet tend to reduce the flexibility of said sheet. 

The devices of this invention can be of fixed or variable geometry. Fixed geometry devices: i.e. those 
:5 which do not change their configuration in the use environment, are of value as. for example, implants, 
suppositories, ocular inserts, transdermal release reservoirs, vaginal inserts, ear tags for animals, dog 
collars, releasers of insecticides, pheromones, larvicides, molluscicides. water purification chemicals, 
biocides, perfumes and antibiotics: and other uses as mentioned above. 

Variable geometry devices: i.e.. those which undergo a change in configuration when placed in the 
JO intended use environment, are of particular value for use in environmental situations in which a controlled 
release device is subject to expulsion or removal before it has completed its intended task. Such situations 
occur, for example, in the rumeno-reticular sac of ruminant animals such as cattle and sheep. Orally 
administered devices must not exceed certain size and configuration for successful and convenient 
administration to a ruminant. However, to avoid their regurgitation by the ruminant they must be properly 
25 weighted or be of such a configuration as to orevent or at least minimize their regurgitation. Obviously, the 
latter property requires a device which permits convenient per os administration but which, in the rumen 
environment, undergoes a change in configuration thus preventing regurgitation. 

The highly favored devices of this invention, especially those intended for oral administration of active 
agents, such as anthelmintics and growth promotants to ruminants, are of variable geometry. The preferred 
30 devices are the three layer (sandwich) stressed laminates comprising a single core sheet and two outer 
films, said devices having variable geometry. Among said devices particular preference is given to those 
having exposed core sheet edges. In the open configuration in the use environment, the most preferred 
devices are rectangular in shape so as to permit retention within the rumen. Prior to administration they are 
rolled into constrained cylindrical shape for easy oral administration to a ruminant. For this reason the 
j5 flexibility and especially the resiliency of the core sheet are important and must not be aestroyed or 
reduced to a level at which they fail to restore the cylinder to a substantially rectangular shape, or at least 
to unroll the cylinder sufficiently so as to permit retention of the device in the rumeno-reticular sac (rumen) 
of a ruminant. 

In the case of a highly preferred device of this invention intended for delivery of an anthelmintic, 
■io especially morantel or an actd salt thereof, e.g. citrate or tartrate to the rumeno-reticular sac of a ruminant, 
the amount of morantel. calculated as acid sale, in the core sheet is generally from tO% to 75% by weight 
of said sheet. The morantel or salt thereof is finely divided prior to being dispersed in the core sheet to 
enable maximum dispersion and maximum homogeneity of drug therein. The above mentioned amounts of 
morantel insure that contact between individual oarticles is maintained so that when the device is placed in 
ds operation in a liquid environment, e.g. rumen of a ruminant, diffusion of morantel in said environment forms 
interconnected paths affording continuous release of said morantel. 

For administration to a ruminant the devices are rolled so as to provide cylinders the height of which 
equals the shorter dimension; i.e.. the width, of the device in the open configuration. The cylinders are, for 
ease of administration, constrained in said configuration by suitable constraining means, e.g. biodegradable 
50 string, tape or glue, water soluble adhesive, paper or gelatin capsule. 

The dimensions of the preferred devices of this invention which are intended for per os administration 
of morantel or other substances to ruminants are not critical. As those skilled in the arTwiTl recognize the 
dimensions will depend in part upon the particular species of ruminant being treated. 

In general, for bovines. the overall practical dimensions of the devices prior to their being rolled and 
55 constrained into cylinders for oral administration to said bovines are on the order of 7-15 cm long, 4-10 cm 
wide and overall thickness of 2-4 mm. Devices of these dimensions allow for convenient administration to 
bovines and appropriate loading of desired agent for effective treatment of said bovines. 

The core sheet is suitably from 1 .0 to 2.0 mm thick and the outer films from 0.1 to 0.75 mm thick. In 
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general, the drug-containing core sheet is thicker than the total thickness of the outer films which, for 
simplicity of construction, are of equai thickness. 

One of the major advantages of the device design described herein is that the thickness of these 
coatings need not be carefully controlled. In other laminated devices with rate limiting barriers such as 
those described in prior art. the coatings are the rate limiting barriers and therefore the thickness must be 
precisely controlled. 

The devices when rolled and constrained into cylindrical form are. for convenient and practial reasons, 
from 2.0 to 3.0 cm in diameter for use in bovines. 

For use in sheep, the herein described devices are, of course, smaller in size than are those for use in 
bovines. Dimensions ranging from 5-10 cm long, 3-8 cm wide and 1-3 mm thickness are suitable for sheep. 
Core sheet thickness can range from 0.4 to 2.0 mm and the outer films from 0.1 to 0.75 mm thickness. The 
diameter of the constrained forms is from about 0.8 to 1.5 cm in diameter. 

The criterion for suitable active agents (drugs or chemicals) for use in the devices of this invention is 
that they be sufficiently soluble or volatile in the use environment to achieve a rate of release of said agent 
in said environment wiiich wiil proouce the desired result. For this reason, active agents which are acids or 
bases are often used m the form of a salt thereof. For the purpose of this invention a water soluble drug is 
one having a water solubility of 0.01% w,v or greater within the use environment. 

Representative of the drugs which can be used in the devices described herein are the following: 
anthelmintics, including salts inereot. of morantel, pyrantel, oxantel. piperazine, diethylcarbamazine. 
levamisole. tetramisoie. ivermectin and hygromycin B: antibactenals. including salts thereof, of tetracyclines, 
such as 5-oxytetracycline. tetracycline, -niorotetracycyline, doxycycline and fVlannich bases thereof; beta- 
lactams such as sodium ampicillin. pivampiciilin hydrochloride, penicillin G, cephaloridtne, sodium salts of 
cefazolin, cefoxitin, cephalexin and other beta-lactams of established clinical utility; aminoglycosides such 
as neomycin, streptomycin, apramycm. macrotides such as erythromycin, oleandomycin and tylosin: 
antibacterial growth promotants such as bacitracin as its zinc or methylene disalicylic acid derivative, salts 
of avoparicin, polymyxin, lincomycin. bambermycin and efrotomycin; performance enhancing agents includ- 
ing estradiol, synovex, bovine growth hormone, diethylstilbestrol, zeranol; antiparasitic agents such as 
milbemycins and amprolium: essential minerals such as salts of magnesium, selenium, copper and cobalt; 
and vitamins such as thiamine hydrochloride; sulfa drugs such as sulfamethazine, moltuscicides such as N- 
tritylmorpholine; and bloat prevention agents such as alcohol ethoxylates and poly<oxyethylene)-poly- 
(oxypropylene)-poly(oxyethylene)-polymers. e.g. poloxalene; ionophore performance-enhancing agents such 
as salinomycin. monensin. narasin and lasalacid; larvicides such as 2-chloro-1-(2.4.5-trichlorophenyl)- 
vinyldimethylphospnate: insecticides such as phosphorothioic acid 0[4-[<dimeihylamino)sulfonyl]phenyl]- 
0.0-dimethyl ester, isoprooyl 1 1 -methoxy-3.7.1 1-tnmethyidodeca-trans-2-trans-4-dienoate and phosphoric 
acid 2.2-dichloroethenyl dimethyl ester: flukicides such as 2.3.5-trichloro-N-<3,5-dichloro-2-hydroxyphenyl)- 
6-hydroxybenzamide. 4-hydroxy-3-iodo-5-nitrobenzonttrile and N-[3-chloro-4-{4-chlorophenoxy)phenyl]-2- 
hydroxy-3.5-diiodobenzamide; and pheromones such as 2-decyl-3-(5-methylhexyl)oxirane and (Z,E)-7.11- 
hexadecadien-L-ol-acetate for the control of gypsy moth and pink ballworm, respectively. 

The devices of this invention are especially valuable for the control (therapeutic and prophylactic) of 
helminth infections in ruminants, cattle in particular. Protection of range animals becomes relatively 
convenient. In temperate climates, the low. early spring population of pasture larvae, the residue of the 
previous season's contamination, is multiplied by cycling through animals grazing thereon to produce, in the 
summer, a sharp increase in pasture infectivity. This condition gives rise, during the summer grazing 
season, to clinical parasitism and performance depression of animals grazing on said pasture. 

The continuous and controlled release of anthelmintic agent; e.g. morantel, in the rumeno-reticular sac 
of grazing animals early in the season when pasture contamination is low, suppresses helminth develop- 
ment, deposition of eggs and subsequent larval contamination of pasture and thus breaks the above- 
mentioned cycle and keeps the pasture and animal worm burden at a low level. Parasitic infections of 
ruminants grazing on the same pasture land during the summer season is thus minimized. This "Indirect" 
method of helminth control is especially attractive and valuable for calves since they are highly susceptible 
to helminths when first placed on pasture. Consistent use of the devices reduces the reservoir of infective 
helminth forms at a given location and at least minimizes the seasonal increase in pasture larvae which 
causes parasitic gastroenteritis and performance depression in grazing animals later in the season. 

For "indirect control" of helminths the devices of this invention are administered to ruminants at a time 
in the epidemiological cycle of said helminths when pasture contamination by infective larval stages of said 
helminths, is declining to a minimum level. In temperate zones, this time corresponds to spring turn out: 
that is, the first placing of the calves out to pasture. For maximum efficiency, the device is administered to 
the calves within seven days of turning out. In non-temperate zones of the world, e.g. semi-tropical and 
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tropical areas, the period of lowest pasture infectivity normally occurs prior to the rainy season. Administra- 
tion of the device to ruminants in such areas is desirably carried out within two to fourteen oays before the 
start of the rainy season. 

The herein-descnbed devices also eliminate established helminth infections from ruminants and prevent 
; establishment of worm infections during the period of heavy challenge (summer/autumn in temperate 
zones). This mode of use is called "direct control'V Helminth control in the non-temperate zones can also 
be achieved by the "direct control" method. The direct method of control protects ruminants only during the 
period of release of the aniheimintic agent. The indirect method of helminth control protects ruminants 
grazing on a given pasture for the entire season because it achieves an overall significant reduction in 
0 pasture contamination. As noted, the devices oescnbed herein provide continuous release, at a controlled 
rate, of drugs including anthelmintics. Particularly useful for such purposes are water-solubte salts of (E)- 
r,4.5.6-tetrahydro-l-methyl-2-{2-(3-methyl-2-thienyl)ethenyllpyrimidine (morantel), (E)-1'.4.5,6-tetrahydro-1- 
methyl-2-[2-(2-thienyl)ethenyl]pyrimidine (pyrantel) and {±)-2,3,5.6-tetrahydro-6-phenylimida2o(2,1 -b]thiazole 
(tetramisole) and tevamisote. the L-(-)-form thereof. Representative of preferred water-soluble salts of 
;5 pyrantel and morantel are the tartrate and citrate salts; and of tetramisole and levamisole, the hydrochloride 
salts. 

The devices of this invention are oraily administered to animals by. for example, a balling gun. For use 
in calves, the desirable average release rate of morantel (calculated as base) is of the order of 60-200 mg 
(of morantel base) per oay for a period of about 90 days, which covers the normal maximum survival time 
20 of the spring population ot larvae. Longer release periods of from 60-180 days are desirable in the direct 
control mode of use since the oeriod of exposure to heavy pasture contamination is normally prolonged. 
Release rates of about 60-200 rr.g (calculatea as morantel base) per day effectively control helminth 
infections over such release periods. For dosing larger animals, more than one device can be administered. 
For indirect control of helminths using salts of pyrantel or levamisole, the desirable average release rates of 
25 each (calculated as free base) are on the order of 100-400 mg, and 100-500 mg per day, respectively for 
about a 90 day period. For direct control, release rates of about 100-500 mg (as free base) of pyrantel and 
of about 100-400 mg (as free base) of levamisole per day effectively control helminth infections over the 60- 
180 day period of heaviest challenge. 

Continuous, low-level administration ot morantel by use of the herein described devices for helminth 
30 control is effective in preventing lung worm infections in said animals during the perioo ot drug release. 
Further, while cattle or sheep grazing on contaminated pasture are subject to immediate reinfection by 
intestinal nematodes after conventional theraoeutic dosing, animals receiving the devices of this invention 
are essentially freed of established infection and protected from reinfection over a period of 60 days or 
longer. 

j5 The use of the oevices for control of pasture contamination, i.e. the indirect control method, is a 

practical and effective method of helminth control which protects ruminants, and in particular grazing 
ruminants, treated via this mode for the entire grazing season. The increase in daily weight gain over 
untreated controls over the grazing season is suDStantially greater than that obtained after conventional 
therapy. 

40 The rate of release of drug, or other chemical, from the controlled release devices of this invention can 
readily be determined by those skilled in the art. for example, by transmission methods, or by sorption- 
desorption methods. A technique which can conveniently be used comprises placing a given device in a 
rapidly stirred solvent bath, the composition of which stimulates the aqueous liquid containing environment 
in which the device is to be used. The temperature of each solution is maintained at a value approximating 

45 the average temperature of the environment in which said device will be used. Samples are withdrawn at 
predetermined intervals from the solvent bath and analyzed for drug concentration. 

In vivo release of morantel citrate or tartrate from devices according to this invention is determined by 
administering the devices to. for example, normal steers or steers with rumen fistula and, after a certain 
period of time such as 30. 60, 90 or 120 days, removing the devices via the fistula or sacrificing the animals 

50 and recovering the devices to determine the residual morantel citrate or tartrate within the device. Tests of 
this sort have shown that the rate of release of morantel citrate or tartrate in vivo is approximately 1.0 to 1.5 
times that of the in vitro release rate. 

EXAMPLE 1 

55 

Devices of this invention comprising a laminated device having morantel tartrate as the active agent and 
laminae of EVA was prepared as follows. 

A sheet containing 50% morantel tartrate and 50% EVA (Type MU-760 having 19% vinyl acetate 
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content, available from U.S.I. Chemicals Co., 99 Park Ave., New York, N Y. 10016) was prepared by dry 
blending 15 kg morantel tartrate and 15 kg EVA in a 55 gallon (208 liter) fiber drum on a drum roller for 30 
minutes. It was tfien milled at high speed to produce a mixture which passed through a 0.033 inch (0.0838 
cm) screen and then drum rolled for another 30 minutes. 

The resulting mixture was extruded on a 1 1/4 inch (3.75 cm) single screw extruder with three heating 
zones and a 24:1 l:d general purpose screw. The three heating zones of the extruder barrel were set to 
88* , 102* and 107* C. and the screw was operated at 79 rpm. The die was a 6 inch (15.24 cm) adjustable 
sheet die opened to 0.110 inch (0.279 cm) and with temperature set to 88*C. The extruded sheet was 
passed througn a three roll take-up with chilled rolls and collected. 

The extruded sheet was then coated with EVA UE-633 (available from U.S.I.) by extrusion coating; a 
thickness of 0.005" (0.127 mm) being applied first to one side and then to the other side by standard 
methodology. 

5.08 X 25.4 cm. pieces of coated sheet were then subjected to various tensile strain levels at a strain 
rate of 5 cm/minute using a standard Instron machine. A total of 33 holes (2.7 mm. diameter) were punched 
into each device. It was noted that 95% to 100% of the imposed strain was recoverable. 



EXAMPLE 2 



The in vitro release rates of the stressed devices of Example i and of an unstressed device of the 
same dimensions and composition were determined by the following procedure: 

The test or control device was placed into a two-liter conical flask which was protected from light 
because of the pnotosensitivity of morantel tartrate, 1700 ml of distilled water added, and the temperature of 
the flask and contents maintained at 40 'C. The flask containing the device was shaken at about 85 
excursions of about 3 inches (7.62 cm) per minute and 5 ml samples were withdrawn periodically. The 
volume of the withdrawn sample was replaced with an equivalent volume of distilled water and shaking of 
the flask continued. The concentration of morantel in the samples was determined spectrophotometricalty 
by measuring the absorbance of the sample at 318 nm. 

The rate of morantel (base) released is tabulated below: 

% Increase In 
Release Rate Correlation Release Rate 
% Strain (mo/dav) Coefficient Over Control 



(control) 39 0.989 

7-3 43 0.994 10.3 

15 . 0 47 0.980 20.5 

20.0 51 0.990 30.8 



Claims 

1. A matrix device for controlled release of an active agent to an ambient environment comprising an 
active agent-containing polymer matrix which polymer has been subjected to tensile stress below the 
yield point. 

2. A device according to claim 1 wherein said active agent-containing polymer matrix is present as a core 
sheet sandwiched between coextensive polymeric films which are impermeable to said environment 
and to said agent; said device having at least one macroperforation extending through said coextensive 
polymeric films and said core sheet. 

3. The device of claim 2 wherein said macroperforations are symmetrically distributed over the face of 
said device and said core sheet comprises a homogenous mixture of active agent in the polymer 
matrix. 

4. The device of claim 3 wherein said macroperforations are circular to afford interior edges of cylindrical 
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configuration for exposure of said agent to said environment. 

5. The device of claim 4 wherein said macrooerforations are from 0.5 to 10 mm in diameter. 

6. The device of claim 2 wherein the perimeter edge of said core sheet is coated by a film impermeable 
to said environment and to saia agent. 

7. The device of claim 2 wherein said agent is dispersed in said core sheet. 

a. The device of claim 2 wnerein said agent is released into a liquid environment in which said agent 
exhibits a finite solubility and in which said film and said core polymers are insoluble. 

9. The device of claim 8 wherein said agent is present at a level of from 0.1 to 75 weight % of said core 
sheet. 

10. The device of claim 8 wherein said core sneet contains a dispersed porosigen of finite solubility in said 
environment. 

11. The device of claim 8 wnerem said agent is characterized by finite solubility in an aqueous environ- 
I ment. 

12- The device of claim 1 1 tor orai administration lo a ruminant, wherein said films and said core sheet are 
flexible and resilient and capaole oi constrainment in rolled configuration by constraining means 
releasable in an aqueous environment 

5 

13. The device of claim 12 wherein said aqent Is an anthelmintic agent. 

14. The device of claim i3 wherein said agent is a water-soluble acid addition salt of morantel. pyrantel 
and levamisoie. 

o 

15. The device according to ciaim 14 wherein the core sheet and coextensive polymenc films comprise 
ethylene vinyl acetate cooolymer. 

16. The device of ctaim 15' Aherem the penmeter edge of said core sheet is sealed by a film of 
■5 ethylenevinyl acetate copoivmer. 

17. A three-layer laminate device for the controlled ana continuous release of a water-soluble active agent 
to an aqueous liauid-containing environment over a prolonged oeriod of time, satd device comorising 

(a) a core sneet comprising a water soluble active agent dispersed in an amount corresponding to 
JO from 10% to 75% by weight of said core sheet, said sneet compnsing a polymenc matehal insoluble 

in said aqueous liquid-containing environment, resilient, flexible and imoermeable to said agent and 
to said environment, and which has been subjected to tensile stress below the yield point: 

(b) satd core sheet being sandwiched between two coextensive films of polymeric material which are 
resilient, insoluble in said aqueous liquid-containing environment, flexible and impermeable to said 

45 environment and to said agent: 

(c) the thus-produced three-layer laminate having one or a plurality of macroperforations extending 
through said films and said core: 

(d) and being capable of constrainment by constraining means in a rolled-up configuration, the 
constraining means being operable to release the constrained laminate when said laminate is placed 

50 in an aqueous liquid-containing environment. 

18. A device according to claim 17 wherein the aqueous liquid-containing environment is the 
rumenoreticular sac of a ruminant and the active agent is a water-soluble acid addition salt of morantel, 
pyrantel or levamisoie. 

55 

19. A device according to claim 14, 15 or 18 wherein said agent is morantel citrate or tartrate. 

20. A method of altering the inherent release rate of an active agent-containing polymeric matrix which 
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comprises subjecting said matrix to tensile stress below the yield point. 

21- A method according to claim 20 wherein the stress is applied at levels at which 95% to 100% of the 
imposed strain is recoverable. 

22. A process for making an active agent-containing polymer matrix device for controlled release of said 
agent to an ambient environment which comprises subjecting said device to tensile stress which does 
not exceed the yield point of the polymer. 

23. A process according to claim 22 wherein the stress is applied at a constant rate. 
24- A process according to claim 23 wherein the stress is applied in only one direction. 

25. A process according to claim 22 wherein the device comprises an ethylene vinyl acetate copolymer 
matrix. 

26. A process according to claim 23 wherein the device comprises an active agent-containing polymer 
matrix present as a core sheet sandwiched between coextensive polymeric films. 

27. A process according to claim 26 wherein the core sheet is subjected to stress prior to being 
sandwiched between the coextensive polymeric films. 

28. A process according to claim 23 wherein the active agent is an anthelmintic agent. 

29. The process according to claim 28 wherein the anthelmintic agent is a water soluble acid addition salt 
of morantel. 

30- The process according to claim 29 wherein the agent is morantel citrate or morantel tartrate. 
Patentansprliche 

1. Matrix-Vorrichtung zur kontrollierten Freisetzung eines aktiven f^ittels in die Umgebung. umfassend 
eine ein aktives Mittet enthattende Polymermatrix, wobei das Polymer einer Zugspannung unterhalb der 
Streckgrenze ausgesetzt wurde. 

2. Vorrichtung nach Anspruch 1 , worin die das aktive Mittel enthaltende Polymer-Matrix als Kernfolie 
vorhanden ist, die sich sandwichartig zwischen zwei Polymerfilmen gleicher Ausdehnung erstreckt, die 
fur die Umgebung und das f^ittel undurchlassig sind; wobei die Vorrichtung mtndestens eine Makroper- 
foration aufweist, die sich durch die Polymerfilme gleicher Ausdehnung und die Kernfolie erstreckt, 

3. Vorrichtung nach Anspruch 2, worin die Makroperforationen uber die Oberflache der Vorrichtung 
symmetrisch verteilt sind und die Kernfolie eine homogene Mischung des aktiven Mittels in der 
Polymermatrix umfaBt. 

4. Vorrichtung nach Anspruch 3, worin die Makroperforationen rund sind, um innere Kanten mit zylindri- 
scher Konfiguration zu liefern fur den Kontakt des Mittels mit der Umgebung. 

5. Vorrichtung nach Anspruch 4, worin die Makroperforationen einen Durchmesser von 0,5 bis 10 mm 
haben. 

6. Vorrichtung nach Anspruch 2, worin die Umfangskante der Kernfolie mit einem Him beschichtet ist, der 
fur die Umgebung und das Mittel undurchlassig ist. 

7. Vorrichtung nach Anspruch 2, worin das Mittel in der Kernfolie dispergiert ist. 

a. Vorrichtung nach Anspruch 2, worin das Mittel in eine flUssige Umgebung abgegeben wird, worin das 
Mittel eine begrenzte Loslichkeit hat und worin Rim- und Kernpolymere unloslich sind. 
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9. Vorrichtung nach Anspruch 8. worin das Mittel in einem Anteil von 0,1 bis 75 Gew.-% der Kernfolie 
vorhanden ist. 

10. Vorrichtung nach Anspruch 8. worin die Kernfolie ein dispergiertes Porosigen mit begrenzter Loslichkeit 
5 in der Unngebung enthalt. 

11- Vorrichtung nach Anspruch 8. worin das Mittel durch eine begrenzte Loslichkeit in einer wafirigen 
Umgebung gekennzeichnet ist. 

:q 12. Vorrichtung nach Anspruch 11 zur oralen Verabreichung an Wiederkauer. worin Filnne und Kernfolie 
flexibel und ruckstellbar sind und in einer aufgerollten Konfiguration festgehalten werden konnen, durch 
Zwangsmittel, die in einer waOrigen Umgebung freisetzbar sind. 

13. Vorrichtung nach Anspruch 12, worin das Mittel ein Antheimintikum ist. 

14. Vorrichtung nach Anspruch 13. worin das Mittel ein wasserlosliches Saure-Additionssalz von Morantel, 
Pyrantel und Levamisol ist. 

15. Vorrichtung nach Anspruch 14. worm die Kernfolie und die Polynnertilme gleicher Ausdehnung 
20 Ethylenvinytacetat-Copolynner enthalten. 

16. Vorrichtung nach Anspruch 15. worm die Umfangskante der Kernfolie mit einem Film aus 
Ethyienvinylacetat-Copolymer abgedichtet ist. 

17. Dreischichtige Laminat-Vorrichtung fur die kontrollierte und kontinuierliche Freisetzung eines wasserlos- 
lichen aktiven Mittels m eine eine waflrige Flussigkeit enthaltende Umgebung uber einen verlangerten 
Zeitraum, wobei die Vorrichtung umfai3t 

(a) eine Kernfolie. die ein wasserlosliches aktives Mittel dispergiert enthalt in einer Menge, die 10 bis 
75 Gew.-yo der Kernfolie entspricht. wobei die Folie ein Polymermaterial umfafit, das in der die 
waflrige Flussigkeit enthaltenden Umgebung unloslich ist, rijckstellbar. tiexibel und undurchlassig fur 
das Mittel und die Umgebung ist und einer Zugspannung unterhalb der Streckgrenze ausgesetzt 
wurde; 

(b) wobei die Kernfolie sandwichartig zwischen zwei Filmen mit gleicher Ausdehnung aus Polymer- 
material angeordnei ist. die ruckstellbar, unloslich in der die waflrige Flussigkeit enthaltenden 
Umgebung. flexibel und undurchlassig fur die Umgebung und das Mittel sind: 

(c) wobei das so hergestellte dreischichtige Laminat eine oder eine Vielzahl von Makroperforationen 
aufweist. die sich durch die Filme und den Kern erstrecken; 

(d) und die durch Zwangsmittel in einer aufgerollten Konfiguration festgehalten werden kann. wobei 
die Zwangsmittel eine Freisetzung des festgehaltenen Laminats bewirken kdnnen, wenn das Laminat 
in eine eine waflrige FlussigKeit enthaltende Umgebung gebracht wird. 

18. Vorrichtung nach Anspruch 17, worin die die waflrige Flussigkeit enthaltende Umgebung der Pansen- 
Netzmagen-Sack eines Wiederkauers ist und das aktive Mittel ein wasserlosliches Saure-Additionssalz 
von Morantel, Pyrantel Oder Levamisol ist. 

19. Vorrichtung nach Anspruch 14, 15 Oder 18. worin das Mittel Morantelcitrat oder Moranteltartrat ist. 

20. Verfahren zur Veranderung der inharenten Freisetzungsrate einer ein aktives Mittel enthaltenden 
Polymer-Matrix, das umtafit, dafl man die Matrix einer Zugspannung unterhalb der Streckgrenze 

50 aussetzt. 

21. Verfahren nach Anspruch 20, worin die Spannung in einem Mafl angewendet wird, dafl 95 bis 100 % 
der angelegten Dehnung zuriickfedern konnen. 

55 22. Verfahren zur Herstellung einer ein aktives Mittel enthaltenden Polymer-Matrix-Vorrichtung zur kontrol- 
lierten Freisetzung des Mittels in eine Umgebung umfassend, dafl man die Vorrichtung einer Zugspan- 
nung aussetzt, die die Streckgrenze des Polymers nicht Obersteigt 
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23. Verfahren nach Anspruch 22, worin die Spannung mit einer konstanten Rate angelegt wird. 

24. Verfahren nach Anspruch 23, worin die Spannung nur in einer Richtung angelegt wird. 

5 25. Verfahren nach Anspruch 22, worin die Vorrichtung eine Ethylenvinyiacetat-Copolymer-Matrix umfaflt. 

28. Verfahren nach Anspruch 23, worin die Vorrichtung eine ein aktives Mittel enthaltende Polymer-Matrix 
umfaiSt, die als Kernfolie vorhanden isi, sandwichartig zwischen Polynnerfilmen gteicher Ausdehnung 
angeordnet. 

10 

27. Verfahren nach Anspruch 26, worin die Kernfolie einer Spannung ausgesetzt wird. bevor sie sandwich- 
artig zwischen den Polymerfilmen gleicher Ausdehnung angeordnet wird. 

28. Verfahren nach Anspruch 23. worin das aktive Mittel ein Anthelmintikum ist. 

15 

29. Verfahren nach Anspruch 28, worin das Anthelmintikum ein wasserlosiiches Saure-Additionssalz von 
Morantel ist. 

30. Verfahren nach Anspruch 29, worm das Mittel Morantelcitrat oaer Moranteltartrat ist. 

20 

Revendications 

1. Dispositif a matnce pour la liberation controlee d'un agent actif dans un milieu ambiant, comprenant 
une matrice de polymere contenant un agent actif, polymere qui a ete soumis a une contrainte de 

25 traction inferieure au point de fluage. 

2. Dispositif suivant la revendication 1 . dans lequel la matrice de polymere contenant un agent actif est 
presente sous forme d'une feuille centrale intercalee entre des films polymeriques co-extensifs qui sont 
impermeables vis-k-vis du milieu ambiant et dudit agent ; ledit dispositif comprenant au moins une 

30 macropertoration s'etendant a travers lesdits films polymeriques co-extensifs et ladite feuille centrale. 

3. Dispositif suivant la revendication 2. dans lequel les macroperforations sont distribuees de maniere 
symetrique sur la face dudit dispositif et ladite feuille centrale comprend un melange homogene 
d'agent actif dans la matrice de polymere. 

35 

4. Dispositif suivant la revendication 3, dans lequel les macroperforations sont circulaires pour former des 
bords interieurs de configuration cylindrique pour la mise en contact de I'agent avec le milieu ambiant. 

5. Dispositif suivant la revendication 4. dans tequel les macroperforations ont un diametre de 1,5 ^ 10 
40 mm. 

6. Dispositif suivant la revendication 2, dans lequel le bord peripherique de la feuille centrale est revetu 
d'un film impermeable vis-a-vis du milieu ambiant et de I'agent. 

45 7. Dispositif suivant la revendication 2, dans lequei I'agent est disperse dans la feuille centrale. 

8. Dispositif suivant la revendication 2, dans lequel I'agent est libere dans un milieu liquide dans lequel 
ledit agent presente une solubilite finie et dans lequel les polymeres des films et de la feuille centrale 
sont insolubles. 

50 

9. Dispositif suivant la revendication 8, dans lequel I'agent est present en une teneur de 0,1 h 75 % en 
poids de la feuille centrale. 

10. Dispositif suivant la revendication 8. dans lequel la feuille centrale contient un agent disperse 
55 engendrant des pores, de solubilite finie dans le milieu ambiant. 



11- Dispositif suivant la revendication 8. dans lequel Tagent est caracterise par une solubility finie dans un 
milieu aqueux. 



EP 0 266 929 B1 



12. Dispositif suivant ta revendication 11 pour I'administration orale a un ruminant, dans lequei les films et 
la feuille centrale soni flexibles et resilients et capables d'etre maintenus sous contrainte sous la 
configuration enroulee par des moyens de contrainte tiberabtes dans un milieu aqueux. 

13. Dispositif suivant la revendication 12. dans lequei Tagent est un agent anthelminthique. 

14. Dispositif suivant la revendication 13, dans lequei Tagent est un sei d'addition a'acide hydrosoluble de 
morantel, de pyrantel ou de levamisole. 

15. Dispositif suivant la revendication 14, dans tequel la feuille centraie et tes films polymeriques 
coextensifs comprennent un copolymere ethylene-acetate de vinyie. 

16. Dispositif suivant ta revendication 15, dans lequei le bord peripherique ae la feuille centraie est 
recouvert de maniere etanche par un film de copolymere ethylene-acetate de vinyie. 

17. Dispositif stratifie a trois couches pour la liberation controlee et continue d'un agent actif hydrosoluble 
dans un milieu contenant un liouide aqueux pendant un temos protonge, ledit disoositif comprenant 

(a> une feuille centraie comprenant un agent actif hydrosoluble disperse en une auantite correspon- 
dant ^ une valeur ae lO % a 75 % en poids de ladite feuiile centraie, ladite feuille comprenant une 
matiere polymerique insoluble dans ledit milieu contenant un iiquide aqueux. resiliente, Mexibte et 
impermeable audit agent et auoit mtlieu ambiant, et qui a ete soumise a une contrainte de traction 
inferieure au point de fluage ; 

(b) ladite feuille centraie etant intercaiee entre deux films co-extensifs de matiere polymerique qui 
sont resilients. insolubtes dans ledit milieu contenant un liquide aqueux. flexibles et impermeables 
vis-a-vis dudit milieu ambiant et audit agent ; 

(c) le stratifie en trois couches ainsi produit comprenant une ou plusieurs macroperforations 
s*etendant a travers lesdits films et ladite feuille centraie ; 

(d) et etant capable d'etre maintenu sous contrainte par des moyens de contrainte sous une 
configuration enroulee. les moyens de contrainte pouvant fonctionner de mantere a liberer le stratifi6 
sous contrainte lorsque ledit stratifie est place dans un milieu contenant un liquide aqueux. 

18. Dispositif suivant la revendication 17. dans lequei le mtlieu contenant un liquide aqueux est le sac 
rumenoreticulaire d'un ruminant et raqent actif est un sel a'addition a'acide hyarosoluble de morantel. 
de pyrantel ou de levamisole. 

19. Dispositif suivant la revendication 14. 15 ou 18. dans lequei I'agent est le citrate ou tartrate de morantel. 

20. Precede pour modifier la vitesse de liberation inherente d'une matrice polymerique contenant un agent 
actif, qui consiste a soumenre ladite matnce a une contrainte de traction inferieure au point de fluage. 

21. Precede suivant la revendication 20, dans lequei la contrainte est appliquee a des valeurs auxquelles 
95 % a 100 % de la deformation imposee sont aptes a une reprise dimensionneile. 

22. Precede de production d'un dispositif a matrice polymerique contenant un agent actif pour la liberation 
controlee dudit agent dans un milieu ambiant, qui consiste a soumettre ledit dispositif a une contrainte 
de traction qui n'excede pas le point de fluage du polymere. 

2a. Precede suivant la revendication 22. dans lequei la contrainte est appliquee a vitesse constante. 

24. Precede suivant ta revendication 23, dans lequei la contrainte est appliquee dans une seule direction. 

25. Precede suivant la revendication 22, dans lequei le dispositif comprend une matrice de copolymere 
ethylene-acetate de vinyle. 

26. Precede suivant la revendication 23, . dans tequel le dispositif comprend une matrice polymerique 
contenant un agent actif presente comme feuille centraie intercaiee entre des films polymeriques co- 
extensifs. 
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27. Procede suivant la revendication 26. dans feauel la feuiiin rentraio ^ - 

d'etre intercalee entre (as films 00lymeriquerco-llns"s ""'^ ^ ^^^"^ 

28. Precede su.vant la rever^dlcatior, 23! dans lequel Tagent ac«, es. un agent anthelminthipue. 

^^-^ '-^^^ ----inthl.ue e. on sel d-addltlcn d-aclde 

2?nteV""^" '-^9- - ,e citrate de r^orantel ou le tartrate da 
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